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The hazards of the increasing incidence oi occupational manganese into­
xications among workers engaged in mining and industrial production pose 
the problem of further researches into manganese poisoning. 
Recently, the interest has been focused on the study of manganese effect 
on certaiin enzyme systems, containing metal ions and active SH-groups, 
l iable to eventual replacement or Mn 2 + binding (3, 11). 
Succinic dehydrogenase (succinate-oxidoreductase, Е . C . — 1,1, 3,1) is 
one of the essential redox-enzymes in the cycle of tricarbonic acids, and 
the primary ring in the chain of transfer of electrons to oxygen (2 ) . Besides 
f lav in , in the composition di its prosthetic groups, four F e 2 ^ atoms also 
participate, in a l l likelihood bound to the SH-groups of the protein part 
of the enzyme. 
Cytochrome oxidase (cytochrome C:0 2 -oxidase, Е . C . — 1,1, 3,1) is an 
essential linkage in the oxidation processes of the organism, and plays an 
exceptionally important role in cellular respiration (2) . I t contains one 
iron atom, bound in the form of hemochromogen. 
The composition and behaviour of the two enzymes are presumably in­
fluenced by manganese which has some chelating properties, dependent 
upon its concentration in the biological substrates. Literature data concern­
ing researches in this line are very scant. Jonderko and co-authors (13, 14, 
15, 16) found a reduced ac t iv i ty of hepatic succinic dehydrogenase and 
cytochrome oxidase in rabbits following a relat ively short poisoning pe­
riod without ensuing recovery; moreover, no relationship was established 
between the concentration 6f the metal and enzyme ac t iv i ty . 
Having in mind the practical bearing oi the manganese poisoning prob­
lem, the role and behaviour of manganese in enzyme-catalytic processes, 
as wel l as the properties and importance of the mentioned enzymes, we made 
it our a im: 
— to trace the changes in the ac t iv i ty of succinic dehydrogenase and cy­
tochrome oxidase, in dynamics, in the course of experimentally induced 
manganese poisoning, and £нЦ$^ 
— to assay the possibility of using these changes in the early diagnosis of 
manganese intoxication. 
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Material and Method 
The changes in succinic dehydrogenase and cytochrome oxidase under 
conditions of experimental manganese intoxication were studied in 120 
white male rats, wi th average weight about 130 g, divided up into groups 
as shown in Table 1. 
T a b l e 1 
Groups 
H x p e r i m . 
d a y S 20 40 60 120 
10 in ;o 10 
20 20 20 20 
Controls-number  10 10
Poisoned-number 
The animals experimented upcn were poisoned every other day wi th a 
МпС1 2 . 4НЮ solution per cs, in the first 20 days — wi th Mn 2 ^ at 30 mg/kg 
dose, and thereafter, t i l l the end of the experiment — with 100 mg/kg M n 2 + . 
Succinic dehydrogenase ac t iv i ty was determined in 10 per cent brain 
and l iver homogenate after the method of Kun and Abood (8). Formazan 
produced from 1 ml homogenate for 120 min, at 37° C, was calculated in 
meg. Besides in the organs indicated above, cytochrome oxidase ac t iv i ty 
was also determined in 10 per cent blood hemolysate according to the me­
thod of Vernon (1), as modified by the research alimentation laboratory wi th 
the Higher Medical Academy «S. M . Kirov». The act iv i ty was calculated 
in mg indophenol, obtained from 1 ml homogenate, resp. hemolvsate, for 
30 minutes at 20° С. 
Results and Discussion 
Exper imenta l ly induced manganese poisoning reduces the ac t iv i ty of 
brain and l iver succinic dehydrogenase and cytochrome oxidase (Table 2) . 
The fal l of succinic dehydrogenase becomes statistically reliable (p=0.05) 
Щет the 20th pest-intoxicatien day. The duration of poisoning and the 
increase of dose intensify enzyme disorders, and within 60 days the reduc­
tion of brain succinic dehydrogenase is nearly 33 per cent, and that ctf the 
l i ve r — 63 per cent. The considerably stronger fall ofMiver succinic dehyd­
rogenase is probably linked to the higher succinic dehydrogenase concen­
tration in the hepatic cel ls ' mitochrondria (7) . Our results are in compli­
ance wi th those reported by Jonderko and co-authors (13, 15, 16) л 
W i t h i n 20 days of poisoning, a slight rise in the ac t iv i ty of brain cyto­
chrome oxidase is noted (p>0.05) . The confirmation of the latter fact upon 
increasing the number of animals experimented upon is noteworthy, and 
probably, it may be attributed to the lower Mn 2+ doses administered in 
the in i t i a l phase of the experiment Enhanced activi ty in the presence of 
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T a b l e 2 
Changes in the Activity of Succinic Dehydrogenase and Cytochrome 
























562.5± 18.3 399.0 ± 19.2 228.0 ±18.8 536.2 ± 21.2 0.76 
81.0±7.0 
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180.0 ±4 .0 0.98 
74.3 ±12.3 0.99 







small manganese quantities has been reported by other authors, using va­
rious enzymes, e. g. in adenosine triphosphatase (6), polynucleotide phospho-
rylase (4) , amino-transferase (16), nicotinamide mononucleotide adenosyl-
transferase (9), etc. 
Increasing the dose and duration of poisoning exerts an inhibitory effect. 
The following check-up examinations show strongly reduced ac t iv i ty of 
the brain cytochrome oxidase, and at s ix ty days it is 55 per cent. After a 
60-day-long recovery period, the ac t iv i ty of brain cytochrome oxidase is 
fu l ly normalized. The changes in enzyme ac t iv i ty in the l iver are compara­
t ive ly milder than those in the brain. A tendency for reduction is noted 
after the 20th day. At 60 days after the beginning of poisoning, the reduc­
tion is 25 per cent, whereas after the recovery period the enzyme regains 
its normal values. 
The changes in blood cytochrome oxidase (30 per cent at 60 days) mani­
fest a close relationship to manganese poisoning (y=0 .98 , p = 0.02). The 
decrease in the ac t iv i ty of the enzyme init iates in the very beginning of 
the experiment (at 20 days p=0 .05 ) , and thereby undergoes a linear a l ­
teration t i l l the end of the poisoning period. Proceeding from the latter 
findings and considering the low dispersion values wi th a reference to blood 
cytochrome oxidase (Table 2) , it is assumed that this particular indicator, 
correlated with the other tests, might be included in the complex set of 
manganese poisoning indicators. 
Against the background of structural peculiarities of succinic dehydro­
genase, and wi th the statement of De Rosa and Fusko (11) concerning the 
strong affinity of Mn 2 + for S H groups, and their blocking by Mn 2 +, in 
mind, we are inclined to explain its changes in the l iver and brain by a 
s imilar mechanism of interaction. 
The results obtained give us sufficient reason to relate the impairment 
of the nervous system in manganese poisoning to the reduced act ivi ty rjf 
brain succinic dehydrogenase. Most l ikely, the latter leads to a slowing 
down and modification of oxidation processes wi th in the brain. 
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To clarify the pathomechanism of poisoning, it is of special interest to 
note the reduction of glutamic acid content in the brain of poisoned animals, 
already established by us (1) , reduction which is connected wi th a different 
route of regulating the ac t iv i ty of cerebral succinic dehydrogenase, pro­
bably, before a considerable accumulation of manganese in the brain has 
taken place. Derangements in the c i t r ic acid cycle in manganese treatment, 
related to inhibit ion of succinic dehydrogenase ac t iv i ty and reduction of 
glycine concentration in the l iver (1) , most l ike ly , lead to glycine succinate 
cycle disorders (Shemin's cycle) , directly linked to the synthesis of purine, 
serine and the l ike. 
Demonstration of the inhibi tory effect of manganese on cytochrome oxi­
dase ac t iv i ty is a very complicated and many-sided problem. Our results 
prove a close relationship between Mn concentration in the biological sub­
strates axnd enzyme ac t iv i ty . A t low concentrations, the oxidation efltect 
of M n 2 + is most probably predominating, and is associated wi th modifi­
cations of cellular respiration patterns. At higher concentrations, it is more 
probable that manganese binds the lateral functional groups of cytochrome 
oxidase wi th ensuing formation of chelates (2), which are compounds wi th 
reduced react ivi ty owing to partial changes in the structure of the enzyme, 
and its physico-chemical properties. A shift of copper and iron ions, parti­
cipating in the build up of the enzyme, resulting in an overall dis turbance 
of i ts structure and act iv i ty , is also presumable. The 55 per cent reduction 
(as compared to controls) in the ac t iv i ty of cerebral cytochrome oxidase 
at the 60th day does not rule out the above supposition, especially when 
the large manganese accumulations in the brain are considered (5). A s imi­
lar Fe 2 + and F e 3 + replacement wi th manganese has been reported by Per-
xins in human transferrin (10). 
Conclusions 
1. Manganese intoxication causes a reduction of succinic dehydrogenase 
ac t iv i ty in the brain and l iver of white rats. The decrease of the hepatic 
enzyme ac t iv i ty is considerably stronger than that of the cerebral one. 
2'. Manganese inhibits the ac t iv i ty of cytochrome oxidase. The most 
significant changes are recorded in the brain enzyme, next ranking the blood 
and hepatic one. 
3. Changes in blood cytochrome oxidase are s tat is t ical ly reliable, they 
are closely related to the manganese concentration and could be taken 
into consideration in working out a laboratory constellation for the early 
diagnosis of manganese into ication. 
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ИЗМЕНЕНИЯ АКТИВНОСТИ СУКЦИНДЕГИДРОГЕНАЗЫ 
И ЦИТО ХРОМО КС ИД АЗЫ ПРИ ЭКСПЕРИМЕНТАЛЬНОМ 
ОТРАВЛЕНИИ МАРГАНЦЕМ 
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Р Е З Ю М Е -
СогЗбщается о снижении активности сукциндегидрогеназы мозга и 
печени и цитохромоксидазы в крови, мозге и печени у белых крыс, под­
вергнутых воздействию марганцем — 100 мг/кг М п 2 + . 
Обсуждаются некоторые моменты механизма поражения и некоторые 
его последствия. Предлагается включить изменения цитохромоксидазы 
в крови к а к показатель , одновременно с другими тестами, при ранней 
диагностике отравления марганцем. 
